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MAT 301

COURSE NAME:

Mathematical Modeling

COURSE DESCRIPTION:

An introduction to the modeling process including creative and empirical model construction, model analysis, and model research.  LAS Writing; Computer Literacy.  3 credit hours.  Offered spring semester.
PREREQUISITE:

MAT 167 or 147 or 137 or the equivalent.

TEXT:

No text required.

TECHNOLOGY:

Students will utilize a graphics calculator, a computer algebra system, a word processing system, and a high level computer language to assist in problem solving and presentation of results.

COURSE OBJECTIVES:

The objectives for MAT 301 are to enable the student to


1.
Become familiar with the entire modeling process.



(MoStep Mathematics Competencies 1.5)

2. 
Perform model construction for real-world problems.


(MoStep Mathematics Competencies 1.1, 1.4, 5.2)
3.
Represent and solve problems using linear programming and difference equations.


(MoStep Mathematics Competencies 7.5)

4.
Examine the importance of the assumptions in a model and the testing of the sensitivity and appropriateness of those assumptions against real-world data.


5.
Incorporate numerical considerations into the modeling process in order that it be practical and realistic.


6.
Study applications from diverse disciplines including the engineering, social, life, and management sciences.



(MoStep Mathematics Competencies 1.6)

7.
Motivate further study of applied mathematics through the formulation of models and their uses in discovering aspects of the real world.



(MoStep Mathematics Competencies 1.5)

8.
Exercise and develop writing skills relevant to the mathematics discipline.



( MoStep Mathematics Competencies 1.2, 5.5)

9.
Integrate appropriate software with model construction, verification, analysis, and written mathematical communication.



(MoStep Mathematics Competencies 1.10, 1.11, 1.12)

10.
Provide student practice in creative and empirical model construction, model analysis, and model research.  More specifically, the students will be afforded an  opportunity to practice:

a.
Creative and Empirical Model Construction: given a real-world scenario, the student must identify a problem, make assumptions, collect data, propose a model, test the assumptions, refine the model as necessary, fit the model to data if appropriate, and analyze the underlying mathematical structure of the model in order to appraise the sensitivity of the conclusions in relation to the assumptions.  Furthermore, the student should be able to  generalize the construction to related scenarios.

b.
Model Analysis: given a model, the student must work backward to uncover the implicit underlying assumptions, assess critically how well the  assumptions reflect the scenario at hand, and estimate the sensitivity of the conclusions when the assumptions are not precisely met.

c.
Model Research: the student investigates an area of interest to gain knowledge, understanding, and an ability to use what already has been created or discovered.

(MoStep Mathematics Competencies 1.2)
STUDENT COMPETENCIES:

In order to meet the above objectives, the successful student will:


1.
Build mathematical models for real-world problem situations.


2.
Utilize functions and geometric relationships to model and analyze real-world phenomena.


3.
 Apply numerical methods to approximate continuous processes.


4.
Utilize writing skills incorporating mathematical terminology and symbolism to represent relationships and communicate ideas in expository, theorem-proof, and abstract formats.


5.
Interact verbally with others to clarify and extend understanding of mathematical situations.


6.
Use computer software packages to aid in the problem-solving processes and written communication.


7.
Use a high-level computer language to assist in solving problems.

COURSE OUTLINE:


I.
Modeling Using Graphical Analysis

A.
The Nuclear Arms Race

B.
Other Illustrative Examples


II.
Introduction to Modeling

A.
Mathematical Models and the Construction of Models

B.
Some Illustrative Examples


III.
Modeling with Discrete Dynamical Systems

1. Modeling Change with Difference Equations

2. Some Illustrative Examples


IV.
Modeling Using Proportionality

A.
Proportionality and Geometric Similarity

B.
Some Illustrative Examples


V.
Model Fitting

A.
Introduction and Graphical Model Fitting

B.
Analytic Methods of Model Fitting

C.
Applying the Least-Squares Criterion

D.
Choosing the Best Model


VI.
Continuous Optimization Models

A.
Overview and Classification of Optimization Problems

B.
Formulation of Optimization Models

C.
Illustrative Examples

VII.
Experimental Modeling

A.
Simple One-Term Models

B.
Interpolation Using Higher-Order Polynomials

C.
Smoothing with Polynomials

D.
Cubic Spline Interpolation


VIII.
Simulation Modeling

A.
Introduction and Modeling Deterministics Behavior

B.
Some Illustrative Examples


IX.
Modeling Dynamic Behavior

A.
Modeling Using the Derivative and Population Growth

B.
Graphing Solutions to First-Order Differential Equations

C.
Some Illustrative Examples

ADDITIONAL INFORMATION:

As noted in the COURSE OBJECTIVES and the STUDENT COMPETENCIES, writing relative to the mathematical discipline is an integral part of this course.  Thus the delivery of topics cited in the COURSE OUTLINE emphasizes student written communication skills in expository, theorem-proof, and abstract formats.  At least 30% of the course grade is attributed to performance of these skills.  Students are afforded an opportunity to practice these formats in an ungraded setting.  Major expository assignments are made so that the student has opportunity for editorial commentary by the instructor prior to the completion of the project.  Plagiarism relative to mathematical writing is discussed.
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